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ABSTRACT 

Ne VIII A774 is an important tracer of the high-ionization gas in QSOs. We examine the Ne VIII 
emission-line properties using new HST-FOS spectra of four sources, mean spectra derived from two QSO 
samples in the HST archives, and new photoionization calculations. The results support our previous 
claim that broad Ne VIII lines are common in QSOs, with an average flux of ~42% of O VI A1034 
and velocity widths that are ~2 to 5 times larger than O VI, C IV A1549 and other broad lines in 
the same spectra. The strongest and most reliably measured Ne VIII A774 lines (in two sources) have 
FWHM ~ 14,500 km s" 1 . Line profile fits in these cases show that the unusually large widths might be 
caused by blending with emission from N IV A765 and O IV A789. However, standard photoionization 
calculations indicate that N IV, O IV and all other lines near this wavelength should be too weak, 
leaving (very broad) Ne VIII as the only viable identification for the ~774 A feature. (This conclusion 
might be avoided if there are large radial velocity dispersions [;>1000 km s _1 ] in the emitting region and 
the resonant absorption of continuum photons enhances the flux in weaker lines.) The calculations also 
indicate that the Ne VIII emitting regions have ionization parameters in the range 5 £ U <^ 30, total 
hydrogen column densities of 10 22 < Nn ^ 3 x 10 23 cm -2 , and an average covering factor of >30% (for 
solar abundances and a nominal QSO continuum shape). The Ne VIII emitting region is therefore more 
extensive, more highly ionized, and has much higher velocities than the rest of the broad emission line 
region (BELR). This highly- ionized BELR component would be a strong X-ray "warm" absorber if it 
lies along our line-of-sight to the X-ray continuum source. 
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1. Introduction 

The rest-frame UV spectra of QSOs and active 
galactic nuclei (AGNs) typically contain strong and 
broad emission lines (BELs) from the resonance dou- 
blets C IV A1549, N V A1240 and O VI A1034 in the 
lithium-like isoelectronic sequence. Ne VIII A774 is 
another resonant doublet in that sequence. Its short 
wavelength makes A774 difficult to measure, but this 
line deserves special attention because Ne VIII re- 
quires ionization energies (207 eV) nearly twice as 
large as O VI (114 eV) and more than four times 
larger than C IV (48 eV). Broad Ne VIII A774 lines 
can therefore probe the extreme high-ionization gas 
in the broad emission line regions (BELRs) and test 
the possible relationship of this gas to other high- 
ionization phenomena in QSO/AGN environments. 
For example, the Ne VHI-emitting BELR has an ion- 
ization consistent with the X-ray "warm" absorbers 
(Halpern 1984) observed in some quasars and AGNs. 
Warm absorbers can be identified by bound-free edges 



of VII and VIII near 0.8 


keV (for example, George 


et al. 1997 




Reynolds 1997 




Otani et al. 1996, Mi- 


lara et al. 1994 




Fabian et al. 1994 


, Turner et al. 


1993a). Photoionization calculations indicate that 



the regions producing Ne VIII line emission would 
also produce these edges in soft X-rays if the gas lies 



(Netzer 1993 




Hamann et al. 1995a 




Shields et al. 


1995 




Reynolds & Fabian 1995 




Netzer 1996). 



There are now several reports of broad A774 emis- 



sion from QSOs ( 


Cohen et al. 1994, 


Hamann et al. 


1995a, Zheng et al. 1997 


, Hamann, Zuo & Tytler 



1995b), but the data are often of poor quality and the 
number of secure detections is small. Hamann et al. 
(1995b) made the first attempt to study the general 
strength and character of Ne VIII A774 emission in 
a sample of QSOs. That sample consists of 5 radio- 
loud and radio-quiet sources measured in the Hub- 
ble Space Telescope (HST) Absorption Line Snapshot 
Survey (Absnap). They found that 3 of the 5 sources, 
and possibly all 5, have a BEL at ^774 A. They 
argued that the measured wavelengths and fluxes 
(compared to photoionization models) both point to 
Ne VIII A774 as the most likely identification. More 
recently, Zheng et al. (1997) measured the ^774 A 
emission line in a composite spectrum derived from a 
larger number of QSOs. 

Here we supplement that work with new photoion- 
ization calculations and new HST and ground-based 



spectroscopy of four QSOs. We also extract an unbi- 
ased sample of 11 QSOs from the HST archives and 
combine them with our previous Absnap sample to 
construct mean spectra for a total of 16 sources. The 
new individual spectra provide the highest signal-to- 
noise measurements of the Ne VIII feature, while the 
means allow us to study the Ne VIII A774 emission 
properties in representative samples. Section 2 below 
describes the observations and measurements of the 
emission lines. Section 3 reexamines the Ne VIII A774 
identification and provides an analysis of the kinemat- 
ics and physical conditions based on photoionization 
simulations and fits to the line profiles. Section 4 dis- 
cusses the implications of the Ne VIII A774 emission 
and, in particular, the possible relationship to warm 
absorbers. Section 5 provides a summary. 

2. The Data 

2.1. Observations and Target Selection 

We obtained UV spectra of four bright QSOs with 
the Faint Object Spectrograph (FOS) on board HST. 
We observed PKS 0355-483 and Q 1435-015 because 
they were strong candidates for broad Ne VIII A774 
emission in our previous study of the H ST- Absnap 
sample ( [Hamann et al. 1995b| ). We chose PG 1148+549 
as another candidate for strong Ne VIII emission 
based on earlier observations with the International 



Ultraviolet Explorer (IUE; Hamann et al. 1995a). We 
observed the QSO PG 1522+101 as part of an un- 
related absorption-line study and include it here be- 
cause the HST spectra contain a strong emission line 
near 774 A rest ( pohen et al. 1994[ ). 

The HST spectra encompass Ne VIII A774 and 
other prominent lines in the rest frame UV but, for 
the two highest-redshift sources, Q 1435—015 and 
PG 1522+101, they do not include the important 
C IV A1549 line. We therefore obtained ground-based 
optical spectra of these QSOs with the Shane 3.0 m 
telescope at Lick Observatory. Table 1 provides a 
log of the observations, including the dates, the tele- 
scopes used (Tel.), the spectrographs and their se- 
tups/gratings (Instr. /Setup), the wavelengths covered 
(A b s ), the approximate full-width-at-half-maximum 
resolutions R = A/AA, and the total exposure times 
(Exp.). The emission- line redshifts listed with the 
QSO names are from Hewitt & Burbidge (1993), ex- 
cept for PG 1148+549, which is from Schmidt & 
Green (1983). The HST-FOS spectra were obtained 
through the 1" science aperture and calibrated at 
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the Space Telescope Science Institute using their stan- 
dard "pipeline" procedures. We recalibrated the ab- 
solute wavelengths in the G130H and G270H spec- 
tra by requiring that Galactic absorption lines ap- 
pear at their laboratory wavelengths. We then shifted 
the G190H or G160L spectra by matching features in 
spectral regions that overlap with G130H or G270H. 
We expect that the final 3tr wavelength uncertain- 
ties are less than 0.5 diodes, that is ^4 A with the 
G160L grating and <0.5-l A with the higher res- 
olution gratings. The Lick observations employed 
a 2" slit and a 400 x 1200 Reticon CCD. We re- 
duced those data in the usual way using VISTA soft- 
ware (modified slightly by Dr. T. A. Barlow). The 
wavelength uncertainties in the Lick spectra should 
be less than ~0.2 A. We flux-calibrated those spec- 
tra by observing both the QSOs and standard stars 
through a wide slit on the same night. None of the 
data are corrected for Galactic extinction. We sim- 
ply note that for a typical high-latitude Galactic col- 
umn density of N H = 3 x 10 20 cm" 2 (Murphy et al. 
1995 and references therein), a conversion factor of 
E(B-V) = AV(4.93xl0 21 cm ~ 2 ) ( piplas fc Savage 
19S(4j) and a typical extinction curve with Ry = 3.1 
(Cardelli, Clayton & Mathis 1989), the extinction 
peak at the ~2175 A silicate feature is roughly 0.5™. 
This peak coincides with the O VI A1034 emission line 
for z e = 1.10. 

Figures 1-4 plot the new and old spectra together. 
The new HST observations of PKS 0355-483 and 
Q 1435—015 (Figures 1 and 3) have higher signal-to- 
noise ratios and slightly higher resolutions than the 
Absnap data because of the longer exposure times and 
improved line spread function of the post-COSTAR 
FOS. Figure 2 includes two versions of the IUE spec- 
trum of PG 1148+549 for comparison to the HST 
data. The bottom spectrum in that figure, labeled 
"old IUE'' , is the original data as shown in Hamann 
et al. (1995a). The middle spectrum, labeled "new 
IUE'' , is a new reduction of the same data. The old 
IUE spectrum was reduced using an optimal cxtrac- 



1991 



Lanzetta et al. 



tion technique (Kinney et al. 

19S(3|). The new IUE spectrum derives from the im- 
proved image processing system (NEWSIPS) used for 
the IUE Final Archives (|Nichols fc Linsky 1996|) and 



is the average from three separate images that have 
been cleaned of cosmic rays. The new IUE reduction 
of PG 1148+549 has a slightly higher signal-to- noise 
ratio, but there is a camera artifact at -1663 A (C ren- 
shaw et al. 1990) that is enhanced by NEWSIPS. 



The Ne VIII emission line discussed by Hamann et al. 
(1995a) is weaker in both the NEWSIPS reduction 
and the HS T spectrum (upper curve in Figure 3). 

Figure 4 plots the low (G160L) and high (G190H+G270H) 
resolution HST spectra of PG 1522+101, with the 
longer wavelength Lick Observatory data appended 
to the latter. Both HST observations of this source 
show strong ~774 A emission, but the higher resolu- 
tion spectrum shows more clearly the "forest" of Lya 
absorption lines shortward of the QSO's Lya emis- 
sion. These absorption features can significantly dis- 
tort the continuum and BELs in low resolution data. 
There is also weak Lyman limit absorption in this 
spectrum at ~1980 A (observed), which is confirmed 
by detection of the corresponding Lyman series lines. 

2.2. Mean Spectra 

We constructed mean spectra of two samples of 
QSOs measured with HST-FOS and the low-resolution 
grating (G160L). The first sample consists of the 5 
QSOs selected by Ham ann et al. (1995b) f rom the 
HST- Absnap database (flytler fc Zuo 1994|) . That 



sample includes QSOs with (1) emission redshifts 
(z e ks 0.75 to 1.4) that allow wavelength coverage 
across both Ne VIII A774 and O VI A1034 with the 
G160L grating, (2) no Lyman-limit absorption across 
~774 A in the QSO rest frame, and (3) subjectively 
"measurable" O VI emission. The last criterion serves 
as a signal-to-noise discriminator and insures that we 
can establish an emission redshift for coadding the 
spectra. This selection based on O VI could intro- 
duce a bias toward sources with more high-ionization 
gas and thus stronger O VI and Ne VIII emission lines 
(see §2.4 below). However, the QSOs were not chosen 
for their Ne VIII characteristics. 

The second sample consists of 11 QSOs from the 
first HST Absorption Line Key Project database 
(Bahcall et al. 1993) selected by criteria (1) and (2) 
above£j. Seven of these QSOs have measurable O VI 
emission and 4 do not. We will refer to the subset of 7 
Key Project spectra with significant O VI as KP-sub, 
and the full sample of 11 Key Project spectra as KP- 
fuTjQ. Note that none of the spectra that lack O VI 



2 We excluded a 12th object from the Key Project sample, 
PG 1407+265, even though it meets both criteria 1 and 2. 
This peculiar object has extremely weak lines (we estimate 
REW(0 VI) and RF,W(T,yra) <f\ A at 3cr) and a poorly de- 
fined redshift (see VlcDowcll et al. 1995) ) . 

3 The KP-sub sample is the same as what we called "Key 
Project" in our preliminary report on these data (Hamann et al 
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emission, including PG 1407+265 (footnote 2), have 
a detectable Ne VIII line. 

Figure 5 plots the mean spectra derived from 
the various sub-samples and the Total sample of 
16 sources. We calculated the means using the 
new HST-FOS spectra of the two Absnap sources 
PKS 0355-483 and Q 1435-015 (§2.1). The other 
Absnap spectra are from Hamann et al. (1995b). The 
Key Project spectra are from the HST archives with 
reductions by Schneider et al. (1993). PG 1148+549 
and PG 1522+101 (§2.1) are not in the Absnap or Key 
Project samples and so are not included in the means. 
For the 12 sources with well-defined O VI lines (in the 
Absnap and KP-sub samples) we shifted the individ- 
ual spectra to the rest frame by forcing the centroid of 
the upper -50% of the O VI profile to be at 1033.8 A. 
For the 4 sources without O VI, we shifted the spec- 
tra using published redshifts in Hewitt & Burbidge 
(1993). Applying the published redshifts, which de- 
rive from low- ionization lines such as C III] A 1909 
or Mg II A2799, leads to larger uncertainties (by at 
least several A) in the rest wavelengths of O VI and 
Ne VIII because (1) these redshifts do not compen- 
sate for the calibration uncertainties in the HST-FOS 
wavelengths and (2) there are known intrinsic redshift 



differences between high- and low-ionization lines ( Eg- 
pej et al. 1989, Tytlcr fc Fan 199*2] ). In all cases, we 



normalized the continua to unity by fitting^ with low- 
order polynomials and then averaged the spectra with 
equal weights. Wavelength regions at the ends of in- 
dividual spectra were excluded from the means if they 
contain obvious Lyman-limit absorption, severe noise 
spikes, or geocoronal emission lines such as Lya in 
first or second order. The histogram at the bottom of 
Figure 5 indicates the number of spectra contributing 
to the Total mean at each wavelength. Median spec- 
tra drawn from these samples are qualitatively the 
same as the means. 

2.3. Line Measurements 

Table 2 lists the centroid rest wavelengths (A res t), 
rest equivalent widths (REWs), observed fluxes (Flux), 
and full widths at half maximum (FWHM) for emis- 
sion lines detected in the new HST and Lick spec- 



1996), except here we have identified and included one more 
QSO that meets the sample criteria. 
4 A11 fitting and arithmetic manipulations were performed with 
the IRAF software distributed by the National Optical As- 
tronomy Observatories under contract to the National Science 
Foundation. 



tra (Figures 1-4) and in several of the mean spectra 
(Figure 5). Not all of the lines labeled in Figures 1- 
5 are present in the data; for example, Mg X A615 
and Ne VII] A895 are not detected in any source with 
approximate 3er upper limits of REW < 2 A in all 
cases. The measurements for PG 1522+101 are from 
the higher resolution data after interpolating across 
the strongest of the overlying Lya forest lines. We 
made no attempt to correct for absorption lines in the 
other sources. The fluxes given for the mean spectra 
are relative to O VI A1034, while those given for the 
individual sources are as observed with units 10~ 14 
ergs s _1 cm -2 . Recall that the data are not corrected 
for Galactic extinction (§2.1). The equivalent widths 
are immune to extinction effects, but the fluxes are 
not. In a worst-case scenario, with the —2175 A ex- 
tinction peak overlying the O VI line (§2.1), the dif- 
ferential extinction between O VI and Ne VIII for a 
typical Galactic column density would be —0.1™ and 
would lead us to overestimate the true Ne VIII/O VI 
flux ratio by 10%. 

The emission lines were measured by integrating 
the flux above the fits to the continua (dotted curves 
in Figures 1-5) between the wavelengths indicated 
by A A in Table 2. We did not attempt to separate 
severely blended lines or line components. In partic- 
ular, the feature we attribute to O VI A 1034 could 
have a contribution from Ly/3 A1026. Laor et al. 
(1995) and Wills et al. (1995) estimate that the mean 
Ly/3 contributions to this blend are —23% and <;10%, 
respectively, in samples of low-redshift QSOs mea- 
sured with HST. We will ignore this small contribu- 
tion in our discussions below. We will also ignore the 
weak Si II A1527 line that can add to the measured 
C IV A1549 flux. 

The feature we identify as Ne VIII A774 is clearly 
present in the mean spectra, and it is stronger than 
the means (both in REW and relative to other lines) 
in the individual QSOs PKS 0355-483 (radio-loud) 
and PG 1522+101 (radio-quiet). The observations of 
Q 1435—015 are less conclusive, but the new data are 
consistent with the previous report of strong —774 A 
emission from this source ( Hamann et al. 1995b ). 
The new HST-FOS spectrum of PG 1148+549 does 
not exhibit th e strong —774 A line n oted in the origi- 
nal IUE data flHamann et al. 1995a|) . The HST spec- 
trum of this source resembles the reprocessed ( "new" ) 
IUE spectrum (Fig. 3), indicating that the Ne VIII 
line is weaker than our previous claim. 

There is evidence in the means and in some of the 
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individual spectra for emission from the excited-state 
line C III* A1176 and from a broad unidentified fea- 
ture at —1070 A. The unidentified feature was noted 
previously by Laor et al. (1994 and 1995) in their 
sample of low-redshift QSOs. The C III* line could 
prove to be a valuable diagnostic of BELR physical 
conditions because it involves a transition between 
unusually high energy states, 17.1 to 6.5 eV. The 
lower state is metastable and gives rise to the well- 



know n C III] A 1909 em ission line (see Korista et al. 
19E0, |Laor et al. 1997a for discussion). 



2.4. What is the Average —774 A Line Strength? 

Unbiased measurements of the average -774 A line 
strength require spectra of many QSOs selected by 
only their redshifts and their lack of overlying Lyman- 
limit absorption (criteria 1 and 2 in §2.2). Among 
the data we collected, the KP-full sample of 11 spec- 
tra comes closest to this ideal. The average -774 A 
line in that sample has REW ~ 5.9 A and a flux of 
-42% of O VI A1034 (Table 2). These results can 
be compared to REW — 3.2 A and a flux ratio of 
A774/A1034 - 21% reported by Zheng et al. (1997) 
from their composite HST spectrum. The Zheng et al. 
composite includes —20 spectra across —774 A and 
80-90 across the O VI line. Our KP-full sample is 
undoubtedly a subset of the spectra they used. The 
different line strengths in these two samples could be 
caused by random fluctuations in the small numbers 
of spectra involved and/or by the large measurement 
uncertainties, which are dominated by the subjective 
continuum placement. However, the reported differ- 
ences might also be caused by selection effects. In 
particular, there is an inherent "Baldwin Effect" in 
the Zheng et al. composite. Several studies have 
shown that this effect is pervasive in QSO samples; 
more luminous QSOs have typically lower emission- 



line REWs (Baldwin 1977, Kinney et al. 1990). The 



spectra in the HST database are primarily of the 
brightest QSOs at each redshift. Our KP-full sam- 
ple includes a relatively narrow redshift range so that 
-774 A through -1034 A are measured in the same 
data, but the Zheng et al. composite has many more 
low redshift and low luminousity QSOs contributing 
at long wavelengths (e.g. across O VI) than at short 
wavelengths (at Ne VIII). Therefore their composite 
should have a larger REW in A 1034, a smaller REW 
in A774 and a lower A774/A1034 strength ratio com- 
pared to our KP-full sample, which agrees with the 
measured results. 



Therefore, our KP-full sample, although still lim- 
ited by the small number of spectra and significant 
measurement uncertainties, should provide the most 
representative measure of the A774 line strength and 
the A774/A1034 flux ratio in (bright) QSOs at red- 
shift —1. The Absnap and KP-sub samples both have 
stronger A774 lines than KP-full, probably because 
of a selection bias introduced by the requirement for 
"measurable" O VI emission (§2.2). Note, however, 
that while A774 is stronger in the Absnap sample, 
A1034 and the Lya blend are not; therefore, the na- 
ture and extent of the selection bias is ambiguous. 
The Total mean mixes the Absnap and KP-full sam- 
ples and therefore has slightly stronger —774 A line 
emission than KP-full alone. 

3. Analysis 

3.1. Photoionization Calculations 



Theoretical models of the BELR are needed to un- 
derstand the conditions under which Ne VIII A774 
forms and the likelihood that other lines near this 
wavelength might contribute to the measured emis- 
sion. Some recent photoionization calculations have 
made specific prediction s for the Ne VIII line s t rength 
( Hamann et al. 1995a], |Korista et al. 1997 



Nctzei 



1996). Here we update the calculations in Hamann 
et al. (1995a) using a newer version of CLOUDY 
(90.02; [Fcrland 1996; ) to examine other strong lines 
at wavelengths <1000 A and test whether recent im- 
provements in the atomic data affect the results (see 
also Baldwin et al. 1996, Korista et al. 1997). 



3.1.1. Predicted Line Strengths and the Ne VIII 
Identification 

The most likely contributors to broad line emission 
near 774 A are Ne VIII A774, N IV A765, O IV A789, 
S V A786 and Ar VI A763 (Verner, Verner & Ferland 
1996). The calculations by Hamann et al. (1995a) in- 
dicate that the alternatives to Ne VIII should be rel- 
atively weak, and therefore Ne VIII is the most likely 
identification for the measured line. Figure 6 shows 
the line equivalent widths predicted by CLOUDY for 
different values of the ionization parameter U (defined 
as the dimensionless ratio of hydrogen-ionizing pho- 
ton to hydrogen particle densities at the illuminated 
face of the clouds). This plot is analogous to Figure 2 
in Hamann et al. (1995a). The model clouds have a 
space density of — 10 11 cm -3 , a column density of 
Nh = 3 x 10 23 cm~ 2 and solar element abundances. 
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They are illuminated on one side by a standard QSO 
spectrum that is believed to be typical of low-redshift 
QSOs and Seyfert 1 nuclei ([Mathews fc Ferland 19871), 



We modified this spectrum to have a sharp decline 
at wavelengths longer than 2 fim to avoid significant 
free- free heating (Ferland et al. 1992). The inter- 
nal cloud velocities are assumed to be thermal. The 
equivalent widths in Figure 6 apply for emitting re- 



gions that completely cover the central <^SU (over 47r 
stcr ) but arc transparent to the radiation trom other 
clouds (e.g. Lya and Ne VIII photons emitted on the 
far side of the QSO are not absorbed or reflected by 
clouds on the near side). 

The effects of different space densities and spec- 
tral shapes on some of the line strengths are shown 
by Korista et al. (1997) and Netzer (1996). In gen- 
eral, the relative strengths of the permitted lines in 
Figure 6 are only weakly dependent on the space den- 
sity for a given U. The intercombination lines O V] 
and Ne VII] are strongly suppressed above their com- 
mon critical density of — 10 11 cm" 2 . Smaller column 
densities would significantly reduce the emission from 
low- to intermediate-ionization lines (e.g. Lya, C IV 
and N V) at the right in Figure 6, because these lines 
form strictly at large depths in the high-?/ clouds (see 



Figr — 3 ill Hamaiih et al. — 1995a). — Examination of 



the healing and cooling procesaea indicates that, for 

the continuum shape used here, clouds with U ;> 30 
are thermally unstable (Hamann et al. 1995a, Netzer 
19S§). 

The only important difference between Figure 6 
here and Figure 2 in Hamann et al. (1995a) is that 
the O IV line is now several times stronger, particu- 
larly at low and intermediate U; but the main results 
are the same. S V A786 and Ar VI A763 are too 
weak under any circumstances to produce the mea- 
sured -774 A line. (The predicted Ar VI A763 line, 
not shown in Fig. 6, is at least 5 times weaker than 
S V A786.) The N IV A765 and O IV A789 lines 
are the strongest alternatives to Ne VIII A774. They 
form in roughly the same gas as C IV A 1549, so their 
strengths relative to C IV are not sensitive to the un- 
certain geometry or physical conditions. Scaling the 
predicted N IV/C IV and O IV/C IV ratios in Fig- 
ure 6 by the C IV measurements in Table 2 shows 
that the observed 774 A lines in PKS 0355-483 and 
PG 1522+101 are much too strong to have significant 
contributions from N IV or O IV. In particular, for 
U <1 (see §4), N IV+O IV should have REW £ 0.6 A 
in PKS 0355-483 and REW <, 1.9 A in PG 1522+101, 



compared to the measured value of REW ~ 13.5 A 
in both QSOs. The ratio of the fluxes predicted in 
N IV+O IV to that measured in ~774 A is therefore 
<0.07 in PKS 0355-483 and <0.3 in PG 1522+101. 

The mean spectra (Fig. 5) do not include C IV A1549 
for comparison, but in large ground-based samples 
C IV has REW - 20 to 32 A, or about ~50% 
of Lya (see the compilation by 



Hamann & Korista 



1996). If we adopt a conservatively large value of 



REW(A1549) = 40 A, then Figure 6 implies that the 
average N IV+O IV emission should have REW < 
1.0 A for U < 0.1 or REW £ 3.2 A for U £ 1. These 
estimates are no more than about half the measured 
mean of REW ~ 5.9 A in the -774 A line (§2.4). 
Since values of U £ 0.1 are generally favored for the 
C IV emitting region (§4), the average contributions 
of N IV and O IV to the -774 A feature should be 
£17%. 

These results indicate that Ne VIII A774 dominates 
the average ~774 A emission and is the only signif- 
icant contributor whenever this line is strong com- 
pared to C IV. Experiments with CLOUDY show 
that this conclusion holds even if the metallicities are 
above solar and nitrogen is several times overabun- 
dant relative to the other metals ( Hamann fc Fcrlaricj 



1992 and 1993). 



3.1.2. 



Ionization, Column Densities and Covering 
Factors 



Figure 6 also supports the conclusions in Hamann 
et al. (1995a) regarding the ionization, column densi- 
ties and covering factors of the emitting regions. Sig- 
nificant emission in Ne VIII A774, relative to both the 
continuum and other lines, requires ionization param- 
eters U ;> 5. Thermal stability in the clouds inde- 
pendently requires U < 30, for an overall range of 
5 £ U £ 30 in the Ne VIII line- forming gas. The 
ratio of the observed mean (5.9 A; §2.4) to largest- 
predicted (—20 A; Fig. 6) A774 equivalent widths im- 
plies an average minimum covering factor of ~30%. 
The Ne VIII emitting regions must subtend at least 
this fraction of the sky as seen from the central QSO 
to produce the average equivalent width. (The same 
analysis shows that the strongest Ne VIII emitters, 
PKS 0355-483 and PG 1522+101, require covering 
factors ^65%.) The observed mean A774 equivalent 
width also requires a minimum hydrogen column den- 
sity of Njj ;> 10 22 cm -2 for solar abundances, even 
if the emitting region completely covers the central 
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QSO (see Figure 3 in Hamann et al. 1995a). (The 
strongest Ne VIII emitters require column densities 
at least twice as high.) For the range in U values 
given above, column densities beyond 3 x 10 23 cm~ 2 
do not add to the Ne VIII flux, so we have an effec- 
tive upper limit of N H <; 3 x 10 23 cm~ 2 for Ne VIII 
emission. 

These results are uncertain by factors of a few be- 
cause they depend on the poorly known shape of the 
ionizing spectrum. The ionization parameter reflects 
the integrated continuum flux at energies ;>13.6 eV, 
but the Ne VIII ionization depends only on the flux 
above 207 eV. Therefore, different continuum shapes 
will yield different estimates of the minimum U value. 
Netzer (1996) argued that highly ionized species like 
Ne VIII are best described by an X-ray ionization pa- 
rameter, U x , that includes energies between only 0.1 
and 10 keV. A similar problem is that the equiva- 
lent widths measure the line strengths relative to the 
local continuum (e.g. at 774 A), even though that 
continuum has little to do with the production of 
Ne VIII A774. Recent calculations by Netzer (1996) 
predict ^3 times lower equivalent widths for A774 
compared to Figure 6 because of a softer assumed 
continuum; the flux ratio F„(207eV)/F l/ (774 A) is ~3 
times smaller in Nctzcr's (1996) continuum than in 
the Mathews & Ferland (1987) continuum used in 
Figure 6. Conversely, experiments with CLOUDY 
show that harder (flatter) continua, such as the sin- 
gle power law F v oc v~ 1A or the "baseline" contin- 
uum used by Korista et al. (1997), roughly double 
the peak Ne VIII equivalent width compared to Fig- 
ure 6 and shift the REW curve to more than 5 times 
lower U . Even harder power-law continua, such as 
F v oc v~ 12 , still only double the peak Ne VIII equiva- 
lent width. The ratio of observed (~5.9 A) to largest- 
predicted (^40 A) equivalent widths in these extreme 
cases therefore implies a lower limit on the average 
Ne VIII covering factor of ~15%. 

3.1.3. A Caveat: Continuum Pumping in High- Velocity 
Environments 

Another uncertainty is the importance of contin- 
uum pumping to the line emission. If there are 
large velocity dispersions along radial lines of sight 
through the BELR, the resonant absorption of con- 
tinuum photons can "pump" electrons into upper en- 
ergy states and significantly enhance the emission line 
fluxes. This pumping can take two forms, (1) res- 
onant line scattering (absorption and re-emission in 



the same transition), and (2) continuum fluorescence 
(absorption into high energy states followed by cas- 
cades through intermediate energy levels) . These pro- 
cesses are negligible for metallic lines in "standard" 
BELR models (e.g. Fig. 6 above) because the con- 
tinuum photons encounter only thermal line widths 
in the BELR. However, if there is substantial turbu- 
lence or a large range of radial velocities (e.g. in an 
outflow), the absorption of continuum photons can 
compete with other excitation mechanisms - particu- 
larly in weak resonance lines. Since the velocity field 
in the BELR is essentially unknown, we consider the 
possible effects of line scattering and continuum fluo- 
rescence here. 

The amount of scattering in a given line depends 
on its velocity width and optical depth as encoun- 
tered by the continuum radiation. For unblended res- 
onance lines that (1) have no alternate decay routes, 
(2) are not collisionally deexcited (e.g. at high den- 
sities), and (3) are on the flat part of the curve-of- 
growth (optically thick but no damping wings), the 
scattering equivalent width resulting from thermal or 
micro-turbulent gas velocities can be derived by in- 
tegrating over the saturated absorption line profile. 
This integration yields 



W scat 



2f c Xo 



V D 



In 



In 2 



(1) 



where f c is the covering factor of the emission re- 
gion (0 < f c < 1), A is the line wavelength, t d is 
the line-center optical depth, and Vd is the Doppler 
velocity (thermal or turbulent). Similarly, radial out- 
flows spanning a velocity range AV r in optically thick 
lines will produce scattering equivalent widths of 



W scat 



fc^o 



AV r 



(2) 



Keeping in mind that r Q oc V D 1 in Eqn. 1 and that 
well-separated doublets like Ne VIII AA770,780 scatter 
twice as much flux as single or blended lines, one can 
use the values of r plotted by Hamann et al. (1995a) 
for strictly thermal velocities to estimate W^ cat for 
different values of Vd ■ Here we use CLOUDY to de- 
rive the t directly for models identical to Figure 6 
but with larger Vd- We find that for clouds with 
U = 10 and V D = 1000 km s~\ the Ne VIII dou- 
blet has W s x cat ~ 25/ c A. Similarly, for U = 0.1 and 
V D = 1000 km s" 1 , C IV A1549 has W^ cat ~ 30/ c A 
and the N IV A765 and O IV A789 lines both have 

yyscat 



io/c A. 



7 



Continuum fluorescence will enhance the line emis- 
sion further via cascades from upper energy states. 
The importance of fluorescence versus scattering emis- 
sion for a given line depends on the number of pump- 
ing transitions available to higher states, the optical 
depths in those transitions, the shape of the incident 
continuum, and the branching ratios (including es- 
cape probabilities) out of the upper states (see also 
Ferguson, Fcrland & Pradhan 1995). Experiments 
with multi-level atoms in CLOUDY indicate that the 
equivalent widths due to scattering and fluorescence 
are factors of —1.5 to —2 larger than the estimates 
above for scattering alone. 

If we add these illustrative scattering+fluorescence 
equivalent widths to the REWs in Figure 6, we would 
derive lower minimum covering factors and minimum 
column densities for the Ne VIII A774 emitting region 
by factors of a few compared to §3.1.2. More impor- 
tantly, the predicted contributions of N IV A765 and 
O IV A789 to the measured -774 A lines would be 
several times larger than our estimates in §3.1.1, be- 
cause the theoretical ratio of N IV+O IV to C IV emis- 
sion becomes larger. Therefore, Ne VIII A774 might 
not dominate the average -774 A emission if there 
are large radial velocity dispersions that induce sub- 
stantial continuum pumping. A thorough analysis of 
this possibility is beyond the scope of the present pa- 
per; we note simply that continuum pumping should 
also enhance the emission in other weak lines. Future 
studies might test the continuum pumping hypoth- 
esis by examining these weak lines and looking for 
correlations with the measured —774 A feature. For 
example, strong continuum pumping in N IV A765 
and O IV A789 at U — 0.1 should be accompanied by 
strong pumped emission from C III A977, N III A991 
and O III A834. Similarly, strong pumping contri- 
butions to Ne VIII A774 at U ~ 10 should come 
with highly pumped Mg X A615 emission and an 
Mg X/Ne VIII flux ratio that is closer to unity than 
in Figure 6. Our limited CLOUDY experiments with 
Vd = 1000 km s _1 did not reveal any significant dis- 
crepancies with the data that would immediately rule 
out or require large pumping contributions. 

3.2. Line Profiles and Redshifts 

3.2.1. PKS 0355-483, Q U35-015 and PG 1522+101 

The fiST spectra of PKS 0355-483 and PG 1522+101 
(Figs. 1 and 4) have the strongest and most reliably 
measured emission lines near 774 A. Fi gures 7 and 8 



show that their Lya, C IV, N V and O VI emission 
lines all have similar profiles. The only significant dif- 
ference is that N V and O VI are broader than C IV in 
PKS 0355-483. This small difference might be due 
to either the larger doublet separations in N V and 
O VI (see Fig. 7) or small differences in the velocities 
in their emitting regions. In contrast, the —774 A 
features in both QSOs are dramatically broader than 
the other BELs (see also Table 2). Figure 9 shows 
similar results for Q 1435—015, although in this case 
comparisons with the —774 A line are more uncertain. 
Overall, we measure FWHMs in the —774 A feature 
that are roughly 2 to 5 times larger than C IV and 
the other BELs in the same spectra (Table 2). 

Figures 10 and 11 show our attempts at fitting the 
-774 A features in PKS 0355-483 and PG 1522+101 
using the measured C IV profiles as templates. We 
constructed the templates by smoothing the C IV 
profiles without correcting for the C IV doublet sep- 
aration (because it is relatively small, —500 km s _1 ). 
The top panels in Figures 10 and 11 show the best 
fits assuming that Ne VIII is the only contributor to 
the measured feature and both of the Ne VIII dou- 
blet members (770 and 780 A) have the same redshift 
and profile as C IV. The only freely varied parameters 
were the line strengths. The best fits were determined 
by x 2 minimization (with the narrow Lya forest lines 
excluded from the minimization in PG 1522+101). 

The Ne VHI-only fits show that the -774 A fea- 
tures are consistent with Ne VIII emission at the C IV 
redshifts (see also Table 2 and Figs. 7-9 above). In 
PKS 0355—483 the redshifts of these lines are indis- 
tinguishable. In PG 1522+101 the purported Ne VIII 
line is redshifted by up to —2000 km s _1 with respect 
to the C IV peak, but this shift might not be signif- 
icant given the profile and centroid uncertainties in 
the broad —774 A feature. The much more signifi- 
cant result is that the C IV profiles are far too narrow 
to explain the —774 A features in terms of Ne VIII. 
The lower two panels in Figures 10 and 11 plot the 
best fits with large contributions from N IV A765 and 
O IV A789. These fits assume that N IV and O IV 
also have the same redshift and profile as C IV, with 
the fluxes freely varied. The results using N IV A765 
and O IV A789 alone (middle panels) account better 
for the overall width of the —774 A features but they 
do not match the profile shapes. Fits using N IV and 
O IV together with the two Ne VIII doublet members 
(bottom panels) are much better, but we reiterate the 
conclusion from §3.1; N IV A765 and O IV A789 should 
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be much weaker than they are portrayed in Figures 10 
and 11, unless continuum pumping controls the line 
excitation. 

If the observed ~774 A features are dominated by 
Ne VIII, the velocity profiles must be substantially 
broader than C IV and other BELs in the same spec- 
tra. We can estimate the widths of the individual 
Ne VIII doublet components by fitting the ~774 A 
emisison in PKS 0355-483 and PG 1522+101 with 
one gaussian for each Ne VIII doublet member. For 
these fits we require that the two gaussian compo- 
nents have the same redshift and velocity width, but 
the values of those parameters and the strengths of 
the lines are all freely varied. The results (shown in 
Figure 12) match the data reasonably well; the fit pro- 
files are only slightly more centrally peaked than the 
observed Ne VIII lines. In both QSOs, the observed 
lines are fit slightly better by a 1:1 doublet ratio, but 
2:1 ratios are not ruled out. The centroids of the fits 
are within 0.3 A of the values listed in Table 2 and the 
individual components have FWHM ~ 14,000 km s _1 
in both QSOs. This velocity width is similar to the 
FWHMs measured directly from the profiles (Table 
2). 

These results imply that the velocities in the Ne VIII 
region are 2-5 times larger than in the C IV-emitting 
gas. To understand how much of the Ne VIII flux 
might come from the lower- velocity C IV gas, we 
performed additional fits to the PKS 0355—483 and 
PG 1522+101 profiles using (1) the C IV template 
at the C IV redshift (as in the top panels of Figs. 
10 and 11) plus (2) a gaussian Ne VIII doublet with 
freely-varied width and redshift (as in Fig. 12). For 
both QSOs the \ 2 minimization forced the C IV tem- 
plate contributions to zero, yielding fits identical to 
Fig. 12. Therefore, to first order, the measured pro- 
files suggest emission from a high- velocity region with 
little or no contribution from the C IV-emitting gas. 

3.2.2. Mean Spectra 

We did not fit the Ne VIII A774 profiles in the mean 
spectra because they might be broadened by uncer- 
tainties in the measured redshifts and by real redshift 
differences between Ne VIII and the other lines. Also, 
our selection requirement for measurable O VI emis- 
sion might bias the Absnap and KP-sub samples to- 
ward more "peaky" O VI line profiles. Nonetheless, 
we note that the mean Ne VIII profiles are compa- 
rable to those in PKS 0355-483 and PG 1522+101 
and more than twice as broad as both O VI and Lya 



(Table 2). Although possibly spurious, this result is 
consistent with the individual QSOs discussed above. 
We also note that the ~774 A centroid is slightly red- 
shifted in the mean spectra (by ^1000 km s _1 ) with 
respect to the O VI peak (Table 2); however, this ve- 
locity shift is probably smaller than the uncertainties. 

4. Implications of Strong and Broad Ne VIII A774 
Emission 

The ionization parameters (5 <J U <J 30) and cov- 
ering factors (j>30%) derived for the Ne VIII emitting 
region (§3.1.2) are both considerably larger than esti- 
mates based on low- to intermediate-ionization lines 
such as Lya, Mg II A2799, and C IV A154 9. In par- 
ticular, 



k Netzer 1979 




Kwan & 


Krolik 1981, Ferland et al\ 


1992, Shields & Ferland 


1993], 


Baldwin et al. 1996), 


while values as 


high as 


U ~ 


2 have been inferred 



when O VI A1034 is also considered (Hamann & Fer- 



Land 1992). The covering factor of the low-ionization 
region is expected to be <^10% based on both the ra- 
tio of observed to predicted Lya equivalent widths 
and the infrcquency of Lyman limit absorption edges 
at the emission redshift (see psterbrock 1986 ). The 
much larger covering factor of the Ne VIII region im- 
plies that the high-ionization gas is optically thin in 
the H I Lyman continuum (otherwise it would over- 
produce the Lya emission). Optically thin, high- 
ionization clouds have been proposed before to ex- 



plain the strength of the N V and O VI lines (David- 



son fc Netzer 197S ), and there is evidence from AGN 
variability studies that part of the C IV A 1549 cmis- 



sion comes from optically thin gas (see Shields et al. 



1995 and references therein) . Our Ne VIII results sug- 
gest that the highest ionization lines have the largest 
contributions from optically thin gas. George, Turner 
& Netzer (1995) reached a similar conclusion based on 
the tentative detection of a large O VII line equiva- 
lent width in X-ray spectra of the Seyfert 1 galaxy 
NGC 3783. 

In spite of the low optical depths near the Lyman 
limit, the Ne Vlll-cmitting gas has a substantial opac- 
ity to soft X-rays. Our calculations show that O VII 
and O VIII are the dominant species of oxygen in 
the Ne VHI-emitting region (see, for example, Fig. 
3 in Hamann et al. 1995c). The minimum column 
density of Njj <; 10 22 cm~ 2 (§3.1.2) implies a mini- 
mum column in O VII+O VIII of N > 10 19 cm" 2 . 
The resulting optical depth through the Ne VIII gas 
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is r ^ 1 at the O VII or O VIII edges (based on 



photoionization cross-sections in Osterbrock 
Therefore, the Ne VIII component of the BELR 
would be a strong warm absorber, characterized by 
O VII+O VIII edges at -0.8 keV, if it lies along our 
line of sight to the X-ray continuum source (see also 



Netzcr 1993), 


Hamann et al. 1995a 




Shields et al. 


19951 


Nctzer 1996). Moreover, the 


range of phys- 



ical conditions needed for strong Ne VIII emission, 
5 £ U £ 30 and 10 22 £ N H £ 3 x 10 23 cm" 2 (§3.1.2), 
encompasses the specific conditions estimated for sev- 
eral strong warm absorbers (e.g. Mathur, Wilkes 



199,61, |George et al. 1995| , |Fiore et al 1993| ). The 



broad Ne VIII A774 lines reported here clearly identify 
a BELR component with warm absorber properties. 

These results support models in which the warm 
absor bers are part of, or closely related to, th e BELR 
(e.g. Reynolds fc Fabian 1995 , Netzer 1996 and ref- 



erences therein). Other studies suggest that warm 
absorbers are also closely related to the blueshifted 
absorption lines observed in some QSOs and Seyfert 
gal axies flMathur 1994 M atnur et al - 199 4 |Mathur 
et al. 1995, Shields fe Hamann 1997 ). These absorp- 
tion lines form in outflows with linc-of-sight velocities 
ranging from near zero to ;>20,000 km s _1 (e.g. in 



the broad absorption line [BAL] systems; Foltz et al. 
198§, [Ulrich 198Sj , |Weymann et al. 199l[ ). There is 
no direct evidence for outflow in the Ne VIII A774 
emission-line data, but the ultra-broad line widths 
reported here, with FWHM — 14,500 km s _1 in two 
well-measured cases, are consistent with high veloc- 
ities in the warm absorber gas. The large Ne VIII 
FWHMs are also consistent with emission from the 
"very broad line region" (VBLR), which was identi- 
fied by Ferland, Korista & Peterson (1990) from the 
non- varying Ha line wings in a Seyfert 1 galaxy. Fer- 
land et al. (1990) present independent arguments 
that the VBLR is highly ionized, optically thin at 
the Lyman limit an d the likely source of X-ray warm 
absorption (see also Marziani fe Sultenic 19931) . 

The large covering factors and warm absorber-like 
properties of the Ne VIII emitting regions suggest 
that warm absorbers should be common in QSOs. 
Th e most recent X-rav surveys indicate that warm 



abs lorbers are common in Seyfert 1 nuclei (with a 



al. 1993b 



<-,5 0% detectio n rate; [Turner fc Pounds 1989 
et ~ 



Turner 



Reynolds 



[Nandra fc Pounds 1994| 
19971, Peorge et al. 1997|) but rar e inQSOs (-5% 
detection rate; Laor et al. 19971). The rarity of 



warm absorbers in QSOs might be reconciled with 
the Ne VIII emission-line data if (1) QSO ioniz- 
ing spectra are harder than the Mathews & Ferland 
(1987) continuum, requiring smaller Ne VIII covering 
factors (§3.1.2), (2) large radial velocity dispersions 
(^1000 km s" 1 ) in the BELR enhance the emission 
in Ne VIII A774 and other weak lines via continuum 
pumping (§3.1.3), or (3) QSOs are observed over lim- 
ited viewing angles that usually avoid Ne VIII gas 
along our line-of-sight to the X-ray continuum source. 
Viewing angles that avoid the BELR m ight occur 



Udcroft 1997, 


George et al. 1997 


, Otani et al. 


Chiang 1995 



19951) . In these mod 



els, all of the BELs form close to the accretion disk 
and the highest ionization lines form at the smallest 
disk radii. Murray (1996) pointed out that the excep- 
tionally broad Ne VIII A774 profiles might be due to 
enhanced rotational broadening associated with the 
inner disk. However, that interpretation might con- 
flict with our estimates of large Ne VIII covering fac- 
tors, which require substantial emission from regions 
away from the disk plane. Better data and more spe- 
cific comparisons with the models are needed before 
drawing firm conclusions. 

The large Ne VIII A774 line widths compared to 
C IV A 1549 and especially O VI A 1034 might provide 
strong constraints on models of the emitting regions 
in general. The calculations in Figure 6 indicate that 
the gas producing the ultra-broad Ne VIII line should 
also produce considerable O VI emission. This ultra- 
broad component to the O VI lines might be hard to 
hide in the measured profiles, particularly for sources 
like PKS 0355-483 where any high-velocity O VI 
emission must be weak compared to Ne VIII A774 
(Figs. 1 and 7). However, we can lower the predicted 
O VI/Ne VIII flux ratio by adopting large values of 
U and/or lower Njj compared to that used in Fig- 
ure 6. (Adding continuum pumping via large turbu- 
lent velocities [§3.1.3] does not significantly alter the 
O VI/Ne VIII flux ratio.) Limited experiments with 
CLOUDY indicate that O VI A1034 can be -2 or 
more times weaker than Ne VIII A774 if U > 20 and 
Nh < 3 x 10 22 cm -2 . Larger gas densities and/or dif- 
ferent ionizing continuum shapes can further reduce 



the theoretical O VI/Ne VIII flux ratio (see also Ko- 



rista et al. 1997 ). Alternatively, or perhaps in addi- 
tion, the measured ~774 A lines might be broadened 
by blending with N IV A765 and O IV A789 if their 
emission is enhanced by continuum pumping (§§3.1.3 
and 3.2.1). In that case, the true Ne VIII line widths 
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could be comparable to the other BELs and there 
would be no need for an ultra-high velocity Ne VIII 
emitting region. 

5. Summary 

The mean spectrum of an unbiased sample (KP- 
full) of 11 radio-loud and radio-quiet QSOs clearly 
shows broad-line emission at —774 A with an average 
REW of -5.9 A and an average flux equal to —42% 
of O VI A1034. This result supports our previous 
conclusion (based on a smaller sample) that —774 A 
emission is common in QSOs. New HST-FOS spectra 
of individual QSOs reveal a strong and broad —774 A 



line in PG 1522+101 (also |Cohen et al. 1994 ), and 
they support the prior claims of strong —774 A lines 



inPKS 0355-483 and Q 1435-015 (Hamann et al 



1995b). However, the new spectra contradict the re- 
port (based on old IUE data) that the —774 A line is 
strong in PG 1148+549 jHamann et al. 1995a| ). 

The centroids of the observed —774 A features sup- 
port Ne VIII as the single most likely identification, 
but the velocity widths are significantly larger than 
O VI A 1034 and all other BELs in two well- measured 
QSOs (PKS 0355-483 and PG 1522+101) and prob- 
ably in the mean spectra. The —774 A line widths, 
ranging from FWHM « 11,000 to 15,000 km s _1 , are 
—2 to 5 times larger than the lower-ionization BELs. 
These ultra-broad profiles are consistent with signif- 
icant contributions from N IV A765 and O IV A789 
emission. However, photoionization calculations cou- 
pled with measurements of C IV A1549 constrain the 
N IV and O IV line strengths to be at least sev- 
eral times weaker than the average -774 A emis- 
sion (§3.1.1). We conclude that exceptionally broad 
Ne VIII A774 dominates the average feature and is the 
only significant contributor when this line is strong 
compared to C IV A 1549. The only way to avoid 
this conclusion is to invoke large line-of-sight veloc- 
ity dispersions (^1000 km s _1 ) in the BELR, so that 
the resonant absorption of continuum photons greatly 
enhances the N IV and O IV line strengths relative 
to both the continuum and C IV A1549 (§3.1.3). If 
Ne VIII dominates the —774 A emission, fits to the 
line profiles indicate that most of the flux comes from 
a distinct high- velocity region, with little or no contri- 
bution from the low-velocity gas responsible for C IV 
and the other lower-ionization lines (§3.2.1). 

The photoionization calculations also indicate that 
the Ne VIII emitting regions have ionization parame- 



ters 5 <; U <; 30, total column densities 10 22 <; Nh <, 
3 x 10 23 cm -2 , and covering factors J>30% of Att stera- 
dians (for solar abundances and a standard ionizing 
spectrum; §3.1.2). These results are uncertain by fac- 
tors of a few because of the poorly known shape of 
the far-UV spectrum and the possible large contri- 
butions to the line fluxes from continuum pumping. 
Nonetheless, the Ne VIII component of the BELR 
must be considerably more ionized and probably more 
extensive than the regions producing lines like Lya, 
Mg II A2799, and C IV A1549. The physical condi- 
tions in the Ne VIII emitting clouds are characteristic 
of the highly-ionized "warm" absorbers observed in 
soft X-rays, suggesting a close relationship between 
the BELR and the warm absorber gas. The Ne VIII 
emitting regions would themselves produce warm ab- 
sorption (e.g. bound-free edges of O VII+O VIII at 
—0.8 keV) if they lie along our line of sight to the 
X-ray continuum source. 
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Table 1 
Log of Observations 



Date 


Tel. Instr. /Setup A Q fc s a 


R 


Exp. a 


PKS 0355-483 (z e = 1.005) 


12 Feb. 1996 


HST FOS/BL-G160L 1140- 


-2508 


250 


5440 


12 Feb. 1996 


HST FOS/BL-G270H 2221- 


-3301 


1300 


1090 


PG 1148+549 {z e = 0.969) 


15 Sep. 1995 


HST FOS/BL-G130H 1140- 


-1606 


1300 


2860 


15 Sep. 1995 


HST FOS/BL-G190H 1573- 


-2330 


1300 


750 


15 Sep. 1995 


HST FOS/BL-G270H 2221- 


-3301 


1300 


350 


Q 1435-015 (z e = 1.310) 


21 Jan. 1996 


HST FOS/BL-G160L 1140- 


-2508 


250 


2960 


21 Jan. 1996 


HST FOS/BL-G270H 2221- 


-3301 


1300 


720 


30 Jul. 1995 


Lick 3m KAST-grismlll 3100- 


-4415 


1400 


3000 


PG 1522+101 (z e = 1.318) 


14 Mar. 1992 


HST FOS/BL-G160L 1140- 


-2508 


250 


5635 


14 Mar. 1992 


HST FOS/RD-G190H 1573- 


-2330 


1300 


9487 


14 Mar. 1992 


HST FOS/RD-G270H 2221- 


-3301 


1300 


2638 


27 Mar. 1992 


Lick 3m KAST-grismlll 3250- 


-4600 


1400 


3600 


28 Mar. 1992 


Lick 3m KAST-grismlll 3150- 


-4500 


1400 


3600 



a X bs is in A and Exp. is in seconds. 
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Table 2 
Emission Line Measurements 3 



Line X rest REW Flux b AA FWHM 

(A) (A) (A) (kms- 1 ) 



Total Mean (16 spectra) 



Ne VIII A774 


776.3 


7.5 


0.51 


745- 


-804 


15,300 


N III + C III 


982.0 


5.0 


0.31 


963- 


-997 




VI A1034 


1032.0 


16.0 


1.00 


997- 


-1057 


6200 


??? 


1070.9 


3.5 


0.22 


1057- 


-1090 




Lya + N V + Si II 


1221.3 


87.0 


5.2 


1160- 


-1290 





KP-full Mean (11 spectra) 



Ne VIII A774 




776.3 


5.9 


0.42 


745- 


-804 


14,800 


N III + C III 




982.0 


4.6 


0.30 


963- 


-997 




VI A1034 




1030.8 


15.3 


1.00 


997- 


-1057 


6500 


??? 




1070.5 


2.8 


0.18 


1057- 


-1090 




Lya + N V + 


Si II 


1220.8 


85.9 


5.3 


1160- 


-1290 








Absnap Mean (5 spect 


xa) 






Ne VIII A774 




776.5 


10.5 


0.85 


748- 


-803 


11,200 


N III + C III 




982.8 


6.0 


0.44 


961- 


1001 




VI A1034 




1033.9 


13.5 


1.00 


1001 


-1057 


5700 


??? 




1073.2 


4.3 


0.32 


1057- 


-1095 




Lya + N V + Si II 


1221.0 


84.2 


5.9 


1160- 


-1290 








PKS 0355-483 ( 


Z e = L 


005) 






Ne VIII A774 




773.9 


13.8 


9.3 


748- 


-800 


14,100 


N III + C III 




987.9 


6.5 


4.0 


967- 


1004 




VI A1034 




1034.7 


10.6 


6.4 


1017- 


-1049 


3750 


Lya + N V + 


Si II 


1225.9 


67.5 


36.5 


1193- 


-1283 




Si IV + IV] 




1402.8 


4.1 


1.9 


1377- 


-1429 




C IV A1549 




1551.6 


8.3 


3.4 


1536- 


-1575 


2500 



PG 1148+549 {z e = 0.969) 



Ne VIII A774 


772.4 


4.0: 


3.4: 


743- 


-801 




N III + C III 


983.1 


4.9: 


3.5: 


962- 


1000 




VI A1034 


1025.5 


14.2 


9.9 


1000- 


-1047 


8500 


Lya + N V + Si II 


1219.7 


89.5 


53.2 


1155- 


-1275 




Si IV + IV] 


1398.7 


10.0 


4.7 


1373- 


-1418 




C IV A1549 


1540.8 


35.1 


17.8 


1488- 


-1586 


7400 
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Table 2 — Continued 



Line X rest REW Flux b AA FWHM 

(A) (A) (A) (kms- 1 ) 



Q 1435-015 (z e = 1.310) 



Ne VIII A774 


775.6 


5.4 


4.1 


746- 


-805 


11,000: 


N III + C III 


977.6 


6.6 


4.6 


951- 


-998 




VI A1034 


1031.1 


11.2 


7.7 


1003- 


-1059 


6800: 


Lya + N V + Si II 


1219.3 


62.7 


41.1 


1165- 


-1283 




Si IV + IV] 


1397.3 


4.2 


2.3 


1370- 


-1425 




C IV A1549 


1546.5 


26.0 


13.7 


1476- 


-1597 


4200 




PG 1522 


f 101 (z e 


= 1.318) 






Nc VIII A774 


776.1 


13.5 


12.1 


739- 


-808 


15,000 


VI A1034 


1032.2 


17.0 


16.9 


998- 


-1063 


7200 


Lya + N V + Si II 


1224.2 


63.1 


58.5 


1166- 


-1287 




Si IV + IV] 


1406.6 


10.1 


8.3 


1368- 


-1439 




C IV A1549 


1544.8 


27.1 


20.8 


1489- 


-1592 


6500 



a Wavelengths and REWs are relative to the redshifts listed. 

b Fluxes are relative to O VI A 1034 for the mean spectra and as observed 
with units 10~ 14 ergs s _1 cm~ 2 for the individual QSOs. 
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Figure Captions 

Fig. 1.— HST-FOS spectra of PKS 0355-483. The 
"Absnap" spectrum is from Hamann et al. (1995b). 
The "new HST^ spectrum (this paper) is shifted ver- 
tically by adding 3.5 in these Fa flux units, 1CF 15 
ergs s _1 cm~ 2 A -1 . The narrow peak in Lya is due 
at least partly to geocoronal Lya emission in second 
order at ^2435 A. Both spectra are smoothed twice 
with a 3-pixcl-wide boxcar function. The dotted curve 
is a fit to the continuum. Various possible emission 
lines are labeled at the redshift given in the tables; 
not all of these lines are present. See §2.1. 

Fig. 2.— HST-FOS and IUE spec- 

tra of PG 1148+549. The "HST and "new IUE' 
spectra are shifted up by adding 22.0 and 11.0, re- 
spectively. The IUE spectra are smoothed twice and 
the HST spectrum 4 times with a 3-pixel-wide box- 
car function. The spike at 1663 A in the new IUE 
spectrum is a camera artifact. The old and new IUE 
spectra are different reductions of the same data. See 
Figure 1 and §2.1. 

Fig. 3.— HST-FOS spectra of Q 1435-015. The 
"new HST + Lick" spectrum is shifted up by adding 
2.5, and both HST spectra are smoothed twice with a 
3-pixel-wide boxcar function. See Figure 1 and §2.1. 

Fig. 4. — HST-FOS and Lick Observatory spectra 
of PG 1522+101. The G160L spectrum is shifted 
up by adding 3.3. The high- resolution spectrum is 
smoothed by 3 applications of a 3-pixel-wide boxcar 
function. Weak Lyman limit absorption at ^1980 A 
affects the continuum shape. See Figure 1 and §2.1. 

Fig. 5.— Mean HST-FOS spectra of QSOs in the Ab- 
snap, KP-sub, KP-full and Total samples (see §2.2). 
The lines are labeled at their rest wavelengths. The 
continua are normalized to unity but shifted verti- 
cally by adding 1.0 to the KP-sub mean, 2.0 to KP- 
full and 3.0 to the Total. The dotted curves show the 
estimated continuum levels. The histogram at the 
bottom shows the number of spectra contributing to 
the Total mean at each wavelength. 

Fig. 6. — Predicted line equivalent widths (W\ in A) 
for photoionized emitting regions that completely 
cover the central continuum source (over 47r stera- 
dians). Each value of the ionization parameter rep- 
resents a different region/calculation. The equivalent 



widths can be converted to relative fluxes by scal- 
ing by the continuum slope across these wavelengths, 
F A oc A" 1 ' 5 . See §3.1. 

Fig. 7. — Line profiles in PKS 0355—483 (solid curves, 
as labeled) are compared to C IV A1549 (dotted curve 
in all panels). Zero velocity is defined by the emission 
redshift given in Table 1, assuming rest wavelengths 
weighted 2:1 for the doublets C IV AA1548,1551, 
N V AA1239,1243 and O VI AA1032,1038. Open 
brackets mark the positions of the individual doublet 
members. The C IV doublet separation (not shown) 
is 500 km s _1 . The velocity scale in the bottom panel 
applies to Lya 1215.67 A. The spectra are normalized 
to unity in the continuum and smoothed by 1 appli- 
cation of a 3-pixel-wide boxcar function. See §3.2.1. 

Fig. 8.— Same as Figure 7 but for PG 1522+101. 

Fig. 9.— Same as Figure 7 but for Q 1435-015. 

Fig. 10. — Ne VIII A774 line profile (bold curve in 
all panels) measured in PKS 0355—483 is compared 
to various fits (thin curves) that use the C IV A 1549 
profile as a template. The lines contributing to the fits 
are indicated in each panel, with tic marks across the 
bottom showing their centroid positions. See Figure 
7 and §3.2.1. 

Fig. 11.— Same as Figure 9 but for PG 1522+101. 

Fig. 12.— Measured Ne VIII A774 line profiles (bold 
curves) in PKS 0355-483 and PG 1522+101 arc com- 
pared to gaussian fits (one gaussian per doublet com- 
ponent). The thin solid line shows the overall fit, 
while the dotted lines show the individual compo- 
nents. The component centroids are shown by tic 
marks at the bottom of each plot. See §3.2.1. 
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